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(57) Abstract 

An active implantable medical device for electrostimulation in response to a determined sleep apnea syndrome, particularly a 
pacemaker. This device measures the lespiiatoiy activity of the patient, using for example, a minute ventilation sensor and/or a blood 
oxygen saturation sensor, and analyzes the sensor signal, to detemiine occurrence of an apnea according to the signal delivered by the 
sensor. The device also delivers an increase cardiac pacing rate in the event of detection of an apnea. The device also can deliver a 
neurological and/or cardiac stimulation so as to apply selectively to the patient an electric stimulus. Tlie device also determines the patient's 
state of activity, according to predetermined criteria, such that ttie increased pacing rate is provided only during a sleep phase and otherwise 
inhibited. The analysis can in particular detect an occurrence of successive apnea during a phase of sleep and determine the occurrence of 
a sleep apnea syndrome when tiie number of apnea events detected during a given period of time exceeds a piedetennined dueshold. 
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Title: AN ACTIVE IMPLANTABLE MEDICAL DEVICE FOR TREATING 

SLEEP APNEA SYNDROME BY ELECTROSTIMULATION 

Field Of Tlie Invention 

The present invention relates to the diagnosis of the syndrome of sleep apnea and 
more particularly, cardiac pacemakers able to detect sleep apnea and respond to the detection 
with electrostunuladon. 

Background Of The Invention 

The syndrome of sleep apnea ("SAS"), more precisely the syndrome of obstructive 
and non central sleep apnea ("SOAS") is an affliction having generally as its origin an 
obstruction of the respiratory tracts. It is likely to involve a certain number of disorders such 
as painful and/or insufficient breathing, an abnormal heartbeat, and hypertension. Various 
treatments of SAS have been proposed, including treatments involving surgery, medication, 
and maintenance of a positive pressure in the respiratory tract by means of a fecial mask worn 
during sleep. 

One technique, as discussed in EP-A-0 702 979 (to Medtronic) proposes to treat SAS 
by electrostimulation. This document describes an implanted pulse generator, controlled by a 
sensor, which may be a dynamic pressure sensor or a sensor of intrathoracic impedance, 
making it possible to follow (monitor) the patient's respiration rate and thus to detect the 
occurrence of an apnea. When an apnea is detected, the generator delivers a salvo (sequence) 
of pulses to a stimulation electrode implanted in the muscles controlling the patient's airway. 
This technique is not, however, in practice, completely satisfactory. This is because the 
stimulation which is systematically started in the event of an increase in the intratracheal 
pressure, whatever the cause of this increase in pressure, and whether it is due to an SAS or 
not, will include mappropriate stimulations. 

Pacemakers having a cardiac stimulation or pacing rate which is responsive to a 
detected physiological or physical parameter of the patient are known. Generally, as the 
measured parameter increases, it reflects an increasing level of activity of the patient (e.g., 
exercise), and the stimulation frequency mcreases so that the pacmg rate is controlled to 
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simulate the action of a normal heart. Once such style of pacing device measures the patient's 
so-called minute ventilation (minute volume) based on a transthoracic of intrathoracic 
impedance measurement. An earlier style of such a pacing device measured the respiration 
rate, but this parameter is generally believed to be less useful as a physiological parameter 
because it does not represent the patient's metabolic demand (also referred to as the cardiac 
output requirements) during phases of increased patient activity. 

Objects and Summary of the Invention 

It is, therefore, an object of the invention to propose a device for the treatment of SAS 
by electrostimulation. 

Broadly speaking, the present invention concerns analyzing the metabolic and 
functional state of the patient, for applying, selectively, a stimulation for the treatment of SAS 
only during tiie phases of patient activity where an SAS is really likely to appear, and 
otherwise inhibiting any SAS stimulation. 

One aspect of the invention is directed to a device which is an active implantable 
medical pacemaker device allowing for the treatment by increased cardiac electrostimulation 
of the sleep apnea syndrome in a patient, i.e., including: means for measuring the respiratory 
activity of the patient; means for analyzing and determining an occurrence of an apnea in 
response to the measured respiratory signal; and means for delivering an SAS stimulation, 
controlled by the analyzing means, so as to apply selectively to the patient an increased 
cardiac stimulation rate in the event of a detection of an apnea. The SAS stimulation means is 
preferably a circuit which delivers SAS stimulation by increasing cardiac stimulation rate, 
and the respiratory activity measurement means may be a circuit which includes a minute 
ventilation sensor or a sensor which detects the oxygen saturation of the blood. 

According to a preferred embodiment of tiie present invention, this device also 
includes means for determining a state of activity of tiie patient, tiiis state being likely to take, 
according to predetermined criteria, a value representative of a state of sleep (also referred to 
as a rest phase) of tiie patient, such that tiie SAS stimulation means is triggerable only during 
a determined phase of sleep and otherwise is inhibited. 
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According to other various advantageous characteristics of the invention, the 
analyzing means detects an occurrence of a syndrome of sleep apnea when the number of 
apnea occurrences detected during a given period of time exceeds a predetermined threshold. 
In another embodiment, the determining means optionally determines a state of activity by 
analyzing the signal delivered by the means for measuring the respiratory activity of the 
patient, and/or by a separate auxiliary measurement means. 

Brief Description Of The Drawings 

Other features, chaiacteristics and advantages of the present invention will appear to a 
person of ordinary skill in the art in view of the following description, which is made with 
reference to the drawings annexed, in which Figs. 1 and 2 illustrate a signal representative of 
the lespiiation rate of the patient, in the absence of disorder and at the time of occurrence of 
an apnea respectively. 

Detailed Description Of Tlie Invention 

With reference to the drawing, an evolution of the respiration rate of a patient during 
sleep is shown. It is represented by the evolution over the course of time of the minute 
ventilation signal, (signal VE, also called signal MV), which is a parameter obtained by a 
measurement of intrathoracic impedance that is predommantly physiological in nature. 
Although the minute ventilation signal is generally easy to implement for monitoring the 
respiration rate of the patient, other signals coming from other types of sensors can be used in 
the alternative or in addition to the minute ventilation sensor, for example, a sensor measuring 
blood oxygen saturation. 

The measurement of the minute ventilation parameters is in itself well-known. The 
measurement is obtained between two electrodes placed in the rib cage, or if the implanted 
device is a pacemaker, between an electrode (for example, a stimulation electrode) and the 
case of the implanted medical device. The impedance is then measured in response to an 
injection of a constant current of a few himdreds of microamperes, at a frequency of a few 
hertz, typically 8 Hz. This technique is described, for example, by J.L. Bonnet et al., 
"Measurement of Minute-Ventilation with Different DDDR Pacemaker Electrode 
Configurations", PACE, Vol. 21, 98, Part 1, and it is implemented in the commercial rate 
responsive pacemaker devices sold under the trademark Chorus RM 7034, by ELA Medical, 
MontFOUge, France. 
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One can determine, starting from this signal a respiratory period T (Fig. 1) which is 
defined as the time separating two detected impedance peaks. The peaks correspond to the 
high impedance obtained at the time of the inspiration (lungs being filled with air), and the 
decrease of the impedance corresponds to an expiratory phase. 

Referring to Fig. 2, a waveform representative of a minute ventilation signal recorded 
among patients suffering from sleep apnea is shown. These patients have normal expiratory 
phases, because the pulmonary pressure is sufficient to overcome the obstruction. On the 
other hand, the inspiration is abnormal because the lungs cannot fill with air. 

One then can observe, as illustrated in Fig. 2, an important lengthening of the 
respiratory period T after an expiration. 

The first stage concerns diagnosing a sleep apnea occurrence. An apnea is classically 
defined as a respiratory pause of a duration that is greater than ten seconds, a phenomenon 
which is relatively easy to. detect by monitoring minute ventilation. Moreover, this pause 
must occur during a sleep phase of the patient, because an apnea occurring while the patient is 
in an awake state cannot be caused by an SAS. 

To respect the latter criterion, the invention proposes to discriminate between the 
sleep phase and the awake phase of the patient, and to apply an SAS therapy only during the 
sleep phase. Any treatment of an apnea which is detected during an awake phase is inhibited 
because, in this case, the apparent apnea normally is not pathological. 

The sleep period can be diagnosed, of course, automatically, either starting from the 
signal delivered by the sensor monitoring the respiration activity of the patient, or by a 
separate sensor, for example, an activity sensor which measures a parameter which is 
predominantly physical such as acceleration as may be measured by an internal sensor located 
within the case. 

EP-A-0 719 568 and its counterpart United States Patent No. 5,622,428 commonly 
owned by ELA Medical describe in particular determining a "criterion of activity of a 
sensor", making it possible to make a distinction between the phases of rest (night or diurnal), 
and activity of the patient, in particular for contrast with a minute ventilation sensor. U.S. 
Patent No. 5,622,428 is incorporated herein by reference in its entirety. 
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The EP-A-0 750 920 and its counterpart United States Patent No. 5,722,996 and EP- 
A-0 770 407 and its counterpart United States Patent 5,766,228 both commonly assigned to 
ELA Medical, describe medical devices using combined information of a physiological 
sensor and a physical sensor, in particular a minute ventilation sensor and an accelerometer, 
to determine a state of a activity or a state of rest of the patient. U.S. Patent No. 5,722,996 
and 5,766,228 are incorporated herein by reference in their entirety. 

Thus, having diagnosed an apnea, and having confirmed that this apnea is a sleep 
apnea, one then can carry out a calculation of an index of apnea. In this regard, when the 
apnea index exceeds a predetermined threshold, for example, more than ten apnea 
occurrences per hour (this threshold number can, of course, be programmable to be suitable 
for the particular patient), the presence of an SAS is determined. As soon as an SAS is 
diagnosed, an electric stimulation is then applied to the patient to compensate for the harmful 
effects of the SAS. 

The electric stimulation can be a muscular stunulation (as described, for example, in 
the EP-A-0 702979 mentioned above or a neurological stimulation, to cause the immediate 
opening of the esophagus in order to allow inspiration. In the latter case, a neurological 
stimulation preferably will be applied only during the inspuratory phases of the patient's 
breathing cycle so as not to disturb the expu:atory phase. 

One also can envisage an embodiment whereby a stimulation is delivered only if the 
inspiratory period exceeds a preset value, for example, six seconds. 

Further, in the preferred embodiment, the electric stimulation is a cardiac stimulation, 
for example, to accelerate the heart rate (frequency) of the myocardium, to compensate for the 
effects of the SAS. Such a cardiac stimulation will be applied to as soon as an SAS is 
diagnosed, by increasing the stimulation frequency by a few beats per minute (typically +10 
bpm), compared to the natural sinusal rate of the patient. The stimulation at the higher rate is 
applied for a given period of time, for example, sixty seconds and afterwards the device 
reverts to the former mode of operation, e.g., the lower stimulation firequency. It also should 
be understood that the increased cardiac stimulation can be applied together with a muscular 
and/or a neurological stimulation in response to a determmed SAS. 

One skilled in the art should understand that the invention is not limited to the 
disclosed embodiments, which are presented for purposes of illustration and not of limitation. 
5 
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I claim: 

1 . A cardiac stimulation device for treating the syndrome of the sleep apnea of a patient 
by electrostimulation comprising: 

means for measuring the respiratory activity of the patient having an output signal 
representative of the patient's respiratory activity; 

means for analyzing the patient's respiratory activity according to the output signal fiom the 
respiratory measuring means to determine an occurrence of an apnea; 

means for determining a cardiac rate of the patient, including a second rate in the absence of a 
determined apnea; 

means for stimulation, controlled by the analyzing means, to apply selectively to the patient 
cardiac stimuli at a first rate in the event of a detection of an apnea, said first rate being higher 
than the second rate; 

means for determining a state of activity of the patient, said state being selected, according to 
predetermined criteria, fi-om among a first value representative of a sleep state of tiie patient 
and a second value representative of an av^rake state of tiie patient; 

wherein the stimulation means is applying to the patient cardiac stimuli at tiie first cardiac 
rate only during a determined sleep phase. 

2. The device of claim 1 in which the stimulation means stimulates in response to being 
triggered at tiie first rate, wherein tiie first rate is at least 1 0 beats higher tiian tiie second rate. 

3. The device of claim 1, in which the analyzing means detects an occurrence of 
successive apnea during a sleep phase and determines an occurrence of a syndrome of apnea 
of the sleep when tiie number of apnea detected during a given period of time exceeds a 
predetermined threshold. 
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4. The device of claim 1, in which the means of detennination of a state of activity 
further comprises analyzing the output signal from said measuring means. 

5. The device of claim 1 , further comprising an auxiliary measuring means for measuring 
a state of activity of the patient; wherein the means for determining the state of activity 
further comprises means for analyzing the output signal from the auxiliary measuring means, 
said auxiliary measuring means output signal being distinct from said means for measuring of 
the respiratory activity of the padent. 

6. The device of claim 1 , further comprising an auxiliary means for measuring a state of 
activity of the patient, wherein said auxiliary measuring means fiirther comprises an 
accelerometer. 

7. The device of claim 1 , wherein tiie means for measuring the respiratory activity of the 
patient further comprises a minute ventilation sensor. 

8. The device of claim 1 , wherein the means for measuring the respiratory activity of the 
patient fiirther comprises a sensor of oxygen saturation of blood. 
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